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(54) Fuel supply system 

(57) A fuel supply apparatus for supplying fuel to a 
compression ignition engine comprising a rotary distrib- 
utor member (11) having a delivery passage (13) which 
can register in turn with outlet ports (14) connected to 
the injection nozzles of the engine. Fuel is supplied to 
the delivery passage from an accumulator (20) under 
the control of a valve (18). The accumulator is charged 
with fuel by means of a high pressure pump (8) which is 
a cam actuated pump and fuel is supplied to the high 
pressure pump by a low pressure pump (31). A valve 
(34) is provided to control the output pressure of the low 
pressure pump so that the amount of fuel supplied to 
the high pressure pump can be varied for the purpose of 
controlling the fuel pressure within the accumulator. The 
apparatus further comprises a second accumulator (73) 
from which fuel can be supplied to permit fuel delivery at 
a lower pressure. 




FIG3. 



Q. 
Ill 



Printed by Rank Xercw (UK) Business Servioes 
2.14.11/3.4 



BNSDOCID: <EP_ 



_07853S6A2_I_> 



QPST AVAILABLE COPV 



1 



EP0 785 356 A2 



2 



Description 

This invention relates to a fuel supply system for 
supplying fuel to the injection nozzles of a multi-cylinder 
compression ignition engine, the system comprising a 
cam actuated high pressure pump, an accumulator 
space which is charged with fuel by the high pressure 
pump, a rotary distributor member including a delivery 
passage which is arranged to register in turn with a plu- 
rality of outlet ports, the outlet ports being formed in a 
housing which supports the distributor member and 
being connected in use to the injection nozzles respec- 
tively, valve means operable to connect said delivery 
passage to the accumulator space to supply fuel to the 
engine and to connect said delivery passage to a drain, 
and passage means through which fuel can flow to the 
high pressure pump. 

US-B-5078113 shows one example of such a fuel 
supply system in which the accumulator comprises a 
spring biased piston which is housed within a cylinder 
and the high pressure pump comprises a pumping 
plunger which is spring biased into engagement with an 
engine driven cam. The high pressure pump is able to 
draw fuel from a supply tank and an adjustable throttle 
is provided to control the amount of fuel which is sup- 
plied to the high pressure pump, the throttle being cou- 
pled to the accumulator piston so as to be movable 
thereby. 

PCT/DE93/00330 which has a priority date before 
that of the present application but which was published 
after the priority date of the present application shows 
another example of the supply system and which is 
intended to supply fuel at a much higher pressure than 
the system disclosed in US-B-50781 13. The accumula- 
tor comprises a simple chamber which is depicted as 
being formed in the housing of the apparatus. The fuel 
pressure in the accumulator, space can be controlled by 
a simple spring loaded relief valve or by an electromag- 
netic valve which is controlled by a control system which 
receives a pressure signal from a sensor responsive to 
the pressure in the accumulator space. 

The object of the present invention is to provide a 
fuel system of the kind specified in an improved form. 

According to the present invention there is provided 
a fuel supply system for supplying fuel to the injection 
nozzles of a multi-cylinder internal combustion engine 
comprising a cam actuated high pressure pump, an 
accumulator space which is charged with fuel by the 
high pressure pump, a rotary distributor member includ- 
ing a delivery passage which is arranged to register in 
turn with a plurality of outlet ports, the outlet ports being 
formed in a housing which supports the distributor 
member and being connected in use, to the injection 
nozzles respectively, valve means operable to connect 
said delivery passage to the accumulator space to sup- 
ply fuel to the engine and to connect said delivery pas- 
sage to a drain, and passage means through which fuel 
can flow to the high pressure pump, characterized by a 
further accumulator space in which fuel is stored at a 



lower pressure, said valve means comprising a first 
valve operable to connect said first mentioned accumu- 
lator space to said delivery passage when a substan- 
tially unrestricted fuel delivery to the engine is required, 

5 a second valve operable to connect the further accumu- 
lator space to the delivery passage when a restricted 
fuel delivery to the engine is required and a third valve 
operable to connect said delivery passage to a drain to 
terminate delivery of fuel to the engine. 

10 The invention will further be described, by way of 
example, with reference to the accompanying drawings, 
in which:- 

Figure 1 is a diagrammatic representation of a fuel 
is system, 

Figure 2 shows in diagrammatic form a modifica- 
tion, in accordance with an embodiment of the 
invention, to the system shown in Figure 1 ; and 

20 

Figure 3 shows a further example. 

Referring to Figure 1 of the drawings the fuel sys- 8 - 
tem comprises a housing 10 in which is mounted a 

25 rotary cylindrical distributor member 1 1 . The distributor 
member is arranged to be rotated in timed relationship 
with the associated engine by means of a drive shaft 12 
which is shown to be separated from the distributor 
member but which in practice is coupled thereto. The 

30 distrbutor member includes a delivery channel which is 
in the form of an outwardly extending delivery passage 
13 formed in the distributor member and which is posi- 
tioned to register in turn with a plurality of outlet ports 1 4 
only one of which is shown. The outlet ports are con- 

35 nected to outlets 1 5 formed in the housing and there are 
as many outlet ports and outlets as there are engine cyl- 
inders. The outlets in use are connected to the injection 
nozzles of the associated engine and the usual delivery 
valves may be located in the outlets respectively. 

40 The delivery passage 1 3 communicates with a cir- 
cumferential groove 16 formed on the periphery of the 
distributor member and this is in constant communica- 
tion with a passage 17 formed at least in part in the 
housing. The passage 1 7 can communicate by way of 

45 an electromagnetically operable valve 18 with either a 
further passage 19 which is connected to an accumula- 
tor chamber 20 or with a drain passage 21 . 

The valve 1 8 is a two position valve and in one posi- 
tion as shown in the drawing, the passage 17 is con- 
so nected to the drain 21. In the other position the 
connection to the drain is blocked off and the passage 
17 communicates with the passage 19. The valve is 
controlled by an electromagnetic actuator which is sup- 
plied with current by an electronic control system 22. 

55 The control system acts to control the speed of the 
engine in accordance with various engine operating 
parameters and also in accordance with a demand sig- 
nal which is provided by a transducer responsive to the 
position of the operator controlled throttle pedal of the 
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vehicle associated with the engine. The control system 
may also receive signals indicative of the engine tem- 
perature and air temperature etc. In addition, it receives 
a signal or signals from a transducer system 23 which is 
responsive to the passage past the sensor of teeth 5 
formed on the drive shaft 12. From this signal a signal 
can be derived indicative of the engine speed and also 
the engine position. 

Assuming for the moment that the accumulator is 
charged with fuel at high pressure, when the delivery 
passage 13 is in register with an outlet port 14, the valve 
18 can be operated to permit flow of fuel from the accu- 
mulator 20 to the outlet port and the fuel injection nozzle 
in communication therewith, so that fuel is supplied to 
the associated engine. The amount of fuel and the tim- 
ing of delivery are controlled by varying the length of 
time the valve member of the valve 18 is in the alterna- 
tive position to that shown and the instant at which the 
valve operates. When the valve member assumes the 
position shown the pressure in the passage 1 7 and the 
groove and delivery passage within the distributor mem- 
ber is reduced to drain pressure which may be the pres- 
sure within the pump housing. 

In the example the accumulator is charged with fuel 
by means of a cam actuated high pressure fuel pump 8 
which conveniently is in the form of a pair of reciproca- 
ble pumping plungers 24 located within a diametrically 
disposed bore 25 formed in a part of the distributor 
member which extends from the housing. At their outer 
ends the plungers are engaged by shoes respectively 
each of which carries a roller which can engage with the 
internal peripheral surface of an annular cam ring 26. 
The bore 25 is in constant communication with a cir- 
cumferential groove 27 formed on the periphery of the 
distributor member and this communicates with the pas- 
sage 19 and therefore the accumulator chamber 20 by 
means of a non-return valve 28 which may be consti- 
tuted by one or more valves. The bore 25 is also in com- 
munication with a diametrically disposed inlet passage 
29 formed in the distributor member and which when 
the plungers are allowed to move outwardly, communi- 
cates with a filling port or ports 30 formed in the housing 
10. 

The filling ports 30 communicate with the outlet of a 
low pressure vane type pump 31 the rotary part of which 
conveniently is secured to the rotary distributor member 
1 1 . The pump 31 has a fuel inlet 32 which by way of the 
usual filter 33, is connected to a source of supply. Asso- 
ciated with the pump 31 is a pressure control valve 34 
which affords variable communication between the out- 
let and the inle! of the pump in order to control the fuel 
delivery pressure of the low pressure pump. Conven- 
iently the valve 34 is electrically controlled with the con- 
trol being effected by the control system 22. The control 
system 22 also receives a signal from a sensor 35 
which is responsive to the pressure of fuel within the 
accumulator. 

The cam ring 26 is provided with a plurality of pairs 
of cam lobes the leading flanks of which considered in 



terms of the direction of rotation of the distributor mem- 
ber, impart inward movement to the plungers. During 
such movement the inlet passage 29 is out of register 
with the filling ports 30 so that the fuel displaced by the 
plungers is supplied to the accumulator by way of the 
valve 26. As the rollers ride over the crests of the cam 
lobes, the plungers can move outwardly and it is whilst 
the plungers are under the control of the trailing flanks 
of the cam lobes that the passage 29 is in communica- 
tion with a filling port 30. When such communication is 
established fuel can flow to the bore 25 from the low 
pressure pump and the amount of fuel which flows can 
be varied by adjusting the outlet pressure of the low 
pressure pump using the control valve 34. Adjusting the 
outlet pressure of the low pressure pump 31 does vary 
the quantity of fuel which flows into the bore 25 due to 
the restrictive nature of the passages which connect the 
outlet of the low pressure pump with the bore 25. The 
control system controls the setting of the valve 34 in 
response to the signal provided by the pressure trans- 
ducer 35. It is therefore possible to regulate the pres- 
sure in the accumulator using the valve 34 and the 
control valve 34 only has to deal with and be designed 
for use with fuel at a low pressure. 

The ability to regulate the pressure within the accu- 
mulator is an important advantage of the present sys- 
tem over the usual cam actuated pump systems such 
as the normal distributor type pump in which the plung- 
ers form the high pressure pump, and the unit/injector 
type of pump. With these pumps ensuring that fuel is 
delivered at a sufficiently high pressure through the 
injection nozzle at low engine speeds means that at 
high engine speeds the pressure may be higher than is 
required. With the system as described the pressure in 
the accumulator can be controlled so that the injection 
pressure is suitable for all engine operating speeds and 
loads. Furthermore, the construction of the pump 
embodies well known and well tried technology. 

The valve 18 is shown as a two position spool valve 
with a single valve member. It can be replaced by two 
valves which are actuated separately with one valve act- 
ing when open to connect the accumulator to the pas- 
sage 17 and the other acting when open to connect the 
passage 17 to the drain. In this way one valve can be 
used to start delivery of fuel and the other to terminate 
delivery of fuel. Other forms of valve can be used and in 
addition, instead of direct actuation by the actuator the 
valves may be actuated using a hydraulic or pneumatic 
arrangement Moreover, the valve or valves may be 
operated by using a piezo-electric crystal stack or 
stacks. 

The low pressure pump 31 is shown as having its 
rotary part mounted on the end of the distributor mem- 
ber remote from the drive shaft and is a vane type 
pump. The pump may however be driven directly by the 
drive shaft and be mounted in the portion of the housing 
which supports the drive shaft. 

The low pressure pump may be in the form of a sin- 
gle or an additional pair or more of plungers mounted in 
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the distributor member. The additional plungers must 
operate in antiphase to the plungers 24 and either have 
to be appropriately positioned relative to the plungers 
24 or have to be actuated by cam lobes on a separate 
cam ring. Moreover, the additional plungers must be 
spring biased outwardly to provide the required pump- 
ing action, or otherwise positively primed for example by 
supplying the fuel at low pressure from an external 
pump. 

As described the fuel is supplied to the bore 25 by 
way of the inlet port or ports 30 and the passage 19, 
from the low pressure pump, instead of the ports and 
passage which form a valve to prevent fuel displaced by 
the plungers being returned to the low pressure pump, a 
simple non-return valve may be provided. 

If the amount of fuel which is required to pressurise 
the accumulator is greater than can be supplied by the 
two plungers 24, a further pair of plungers may be pro- 
vided. These may be located in a further bore which is 
disposed in the same plane as the bore 25 or they may 
be located in a bore which is disposed in another plane. 
In the former case the further plungers would have fur- 
ther cam followers at their outer ends and be actuated 
by the same cam ring 26 Alternatively or in addition, the 
further bore can be located in spaced side-by-side rela- 
tionship with the two bores being radially aligned and 
with adjacent pairs of plungers sharing a cam follower. 
Separate cam followers may be provided for the sets of 
plungers with separate cam rings. 

In the conventional distributor type pump the 
shapes of at least the leading flanks of the cam lobes 
are similar and are dictated by the required fuel injection 
characteristic and the crests of the cam lobes are 
shaped to provide as rapid a termination of fuel delivery 
as possible. Moreover, the number of cam lobes is dic- 
tated by the number of engine cylinders. In the present 
system the number of constraints on the cam lobe pro- 
file is reduced and the cam lobes can be shaped to 
reduce the driving torque fluctuation and to reduce the 
stresses in the material forming the crests of the cam 
lobes and the rollers. In addition, the number of pump- 
ing strokes of the plungers per revolution of the drive 
shaft can be greater or less than the number of engine 
cylinders. 

In the arrangement so far described the extent of 
outward movement of the plungers 24 and hence the 
amount of fuel supplied to the accumulator has been 
determined by altering the output pressure of the low 
pressure pump 31 using the valve 34 associated with 
the low pressure pump 31 . Other methods can be used 
to control the outward movement of the plungers. For 
example, the output pressure of the low pressure pump 
could be controlled by a simple relief valve and the flow 
of fuel to the bore 25 could be controlled by an axially or 
angularly adjustable throttle valve 30A the position of 
which may be controlled by an electrical actuator. The 
throttle valve 30A may be located as shown in Figure 1 , 
in the passage which connects the outlet of the low 
pressure pump 34 with the transfer port 30 and would 
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be controlled by the control system 22 in response to 
the signals provided by the sensor. Alternatively a 
metering shuttle may be utilised having an electrically 
controlled stroke control mechanism, or as a further 

5 alternative, the allowed stroke of the pumping plungers 
24 can be varied using adjustable mechanical stops. 
Instead of controlling the pressure in the accumulator by 
adjusting the quantity of fuel delivered by the pumping 
plungers, a controllable relief valve may be provided on 

10 the accumulator. 

One of the advantages of the system as described 
is the fact that the accumulator pressure can be chosen 
so that the pressure is adequate at high engine speeds 
without being excessive at idle speed. A disadvantage 

15 which applies to all systems where an electromagnetic 
valve is used to control fuel quantity, is the operating 
time of the valve. At low engine loads and high engine 
speeds, the minimum operating time of the valve 18 
may be such that the incorrect fuel quantity is delivered 

20 to the engine. The amount of fuel supplied during the 
minimum operating time of the valve can be reduced by 
reducing the fuel pressure in the accumulator. Clearly 
the pressure must always be sufficient to ensure atomi- 
zation of the fuel. However reducing the pressure 

25 means that the effective fuel capacity of the accumula- 
tor is reduced so that if for example the operator of the 
engine makes a sudden demand for increased engine 
power there will be insufficient fuel available in the accu- 
mulator to meet the demand. The response of the 

30 engine will therefore be impaired. This difficulty may be 
overcome by providing as shown in Figure 2, a further 
accumulator 60 which contains fuel at a lower pressure. 
The further accumulator 60 may be charged with fuel 
through a pressure reducing valve 61 from the main 

35 accumulator 20 or by a separate high pressure pump 62 
formed by a separate set of pumping plungers carried 
by the distributor member, the existing high pressure 
pump being shown at 63. Each of the pumps would 
require a non-return valve as illustrated at 28 in Figure 1 

40 to prevent the return flow of fuel from the accumulators. 
The selection of which accumulator to take fuel from 
can be effected by providing a pair of valves 64, 65 
associated with the accumulators 20, 60 respectively. 
The valves in this case are simple ON/OFF valves in 

45 order to prevent loss of fuel to drain and a further 
ON/OFF valve 66 is provided to provide for termination 
of delivery of fuel to the engine. This arrangement can 
also be used to provide control of the initial rate of fuel 
delivery through the outlets 15 by operating the valves 

so 65, 64 in turn when it is required to deliver fuel to the 
engine. In this case a non-return valve in series with the 
valve 65 associated with the further accumulator 60 
would be required to prevent flow of fuel between the 
two accumulators. 

55 It has already been stated that the cam lobes can 
be designed to reduce driving torque fluctuation. This is 
achieved by making the leading flanks of the cam lobes 
which impart inward movement to the plungers 24 less 
steep than in a conventional distributor type fuel pump. 



EP0 785 356 A2 



4 



BNSDOCID: <EP 0785356A2_I_> 



EP 0 785 356 A2 



7 

« »* 

It is proposed to supply fuel displaced by the plungers to 
the delivery passage in order to provide an initial flow of 
fuel at a reduced rate to the engine. The plungers may 
also be utilized to supply all the fuel for engine idling or 
other low rate requirements. In this event the number of 
pumping strokes of the plungers per revolution of the 
distributor member must be the same as the number of 
engine cylinders. 

In the arrangement which is shown in Figure 3, the 
high pressure pump is utilised to charge the accumula- 
tor 20 by way of a non-return valve 28. A first ON/OFF 
valve 72 is provided to connect the accumulator 20 to 
the delivery passage 13 and when this valve is opened 
fuel flows to the engine at the maximum rate. In order to 
provide a reduced rate of flow of fuel to the engine a 
second accumulator 73 is provided in which fuel is 
stored at a lower pressure and this accumulator can be 
connected to the delivery passage 13 by way of a sec- 
ond ON/OFF valve 74. A third ON/OFF valve 75 is pro- 
vided to connect the delivery passage 13 to a drain. In 
operation, when the delivery passage 13 registers with 
an outlet port 1 4, the valve 75 is closed and the valve 74 
opened to allow fuel to flow at a reduced rate to the 
associated engine because of the lower pressure in the 
accumulator 73. When sufficient fuel has been supplied 
at the reduced rate the valve 72 is opened and the valve 
74 closed so that the rate of flow of fuel to the engine 
increases due to the higher pressure in the accumulator 
20. Termination of delivery of fuel to the engine is 
achieved by closing the valve 72 and opening the valve 
75. 

In some instances all the fuel which is supplied to 
the engine is derived from the accumulator 73 whereas 
in other instances at the instant of closure of the valve 
74 the valve 75 is opened to terminate delivery of fuel to 
provide so called pilot injection of fuel and at the appro- 
priate time the valve 75 is closed and the valve 72 
opened to provide the main delivery of fuel. 

In order to pressurise the accumulator 73 a sepa- 
rate high pressure pump may be provided. As an alter- 
native the accumulator 73 may be charged from the 
accumulator 20 by appropriate operation of the valves 
72 and 74 preferably during the time when the delivery 
passage 13 is out of register with an outlet port 14. Indi- 
vidual relief valves may be utilised to control the pres- 
sures in the accumulators 20 and 73 or the pressures 
particularly in the accumulator 20, may be controlled by 
appropriate operation of the valves 72 and 75. 

Claims 

1 . A fuel supply system for supplying fuel to the injec- 
tion nozzles of a multi-cylinder internal combustion 
engine comprising a cam actuated high pressure 
pump (8), an accumulator space (20) which is 
charged with fuel by the high pressure pump, a 
rotary distributor member (1 1 , 50) including a deliv- 
ery passage (1 3. 1 3A, 52) which is arranged to reg- 
ister in turn with a plurality of outlet ports (14), the 



outlet ports being formed in a housing (10) which 
supports the distributor member and being con- 
nected in use, to the injection nozzles respectively, 
valve means (18, 64, 66, 72, 75) operable to con- 

5 nect said delivery passage (13, 13A, 52) to the 
accumulator space (20) to supply fuel to the engine 
and to connect said delivery passage to a drain, 
and passage means through which fuel can flow to 
the high pressure pump, characterized by a further 

10 accumulator space (73) in which fuel is stored at a 
lower pressure, said valve means comprising a first 
valve (72) operable to connect said first mentioned 
accumulator space (20) to said delivery passage 
(13) when a substantially unrestricted fuel delivery 

75 to the engine is required, a second valve (74) oper- 
able to connect the further accumulator space (73) 
to the delivery passage (13) when a restricted fuel 
delivery to the engine is required and a third valve 
(75) operable to connect said delivery passage (13) 

20 to a drain to terminate delivery of fuel to the engine. 

2. A fuel system as claimed in Claim 1 , characterized 
by a further pump for charging the further accumu- 
lator space (73). 

25 

S. A fuel system as daimed in Claim 1 , characterized 
in that said further accumulator space (73) is 
charged with fuel under pressure from the first men- 
tioned accumulator space (20) by operation of the 
30 first and second valves (72, 74). 
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(54) Fuel supply system 

(57) A fuel supply apparatus for supplying fuel to a 
compression ignition engine comprising a rotary distrib- 
utor member (11) having a delivery passage (13) which 
can register in turn with outlet ports (14) connected to 
the injection nozzles of the engine. Fuel is supplied to 
the delivery passage from an accumulator (20) under 
the control of a valve (18). The accumulator is charged 
with fuel by means of a high pressure pump (8) which is 
a cam actuated pump and fuel is supplied to the high 
pressure pump by a low pressure pump (31). A valve 
(34) is provided to control the output pressure of the low 
pressure pump so that the amount of fuel supplied to 
the high pressure pump can be varied for the purpose of 
controlling the fuel pressure within the accumulator. The 
apparatus further comprises a second accumulator (73) 
from which fuel can be supplied to permit fuel delivery at 
a lower pressure. 
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